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Resumo: A resolução e a precisão quantitativa do PET são significativamente influenciadas pelo método de 
reconstrução. O algoritmo de reconstrução Bayesian Penalized-Likelihood controla a amplificação do ruído, 
melhorando a qualidade da imagem durante a reconstrução da imagem. O objetivo é determinar se o nível de 
ruído pode ser reduzido sem perda na qualidade da imagem. O desempenho do BSREM foi comparado com 
o algoritmo ordered-subset expectation maximization (OSEM) usando dados de um fantoma (com diferentes 
taxas de contraste) e de um paciente examinados no PET/CT de última geração. Os resultados dos dados 
usando o fantoma mostraram que o número de contagens pode ser reduzido por um fator 2-4 usando 
BSREM em vez de OSEM. Para os dados do paciente, uma tendência similar foi encontrada. É possível uma 
redução por um fator de 2. A redução de ruído sem perda na qualidade da imagem é possível através da 
introdução de um fator de regularização no algoritmo de reconstrução. Essa redução pode ser usada para 
diminuir a dose injetada ou diminuir o tempo de aquisição. 
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Abstract: The resolution and quantitative accuracy PET are significantly influenced by the reconstruction 
method.  Bayesian Penalized-Likelihood reconstruction algorithm control the noise amplification improving the 
image quality during the image reconstruction. The aim was to determine if the noise level can be reduced 
without a loss in image quality. The performance of BSREM was compared to ordered-subset expectation 
maximization (OSEM) for both phantom (with different contrast ratios) and patient data acquired on a state-of-
the-art PET/CT. The results confirm that for the phantom data, the number of counts can be reduced by a 
factor 2-4 using BSREM instead of OSEM. For the patient data, a similar trend was found. The possible count 
level reduction was at least a factor of 2. Noise reduction is possible by introducing regularization in the image 
reconstruction without a loss in image quality. This reduction can be used to lower the injected dose or 
shorten the acquisition time. 
Keywords: medical physics; nuclear medicine; radiation oncology; radiology; radiation protection.  
 
 
Introduction: Block sequential regularized expectation maximization (BSREM) is a Bayesian penalized-
likelihood reconstruction algorithm which improves image quality by controlling noise amplification during 
image reconstruction1,2. In this study, the performance of BSREM was compared to ordered-subset 
expectation maximization (OSEM) for both phantom and patient data acquired on a state of the art TOF 
PET/CT. The aim was to determine if the noise level can be reduced without a loss in image quality. 
 
Methods: The NEMA IQ phantom (6 fillable spheres: 10-37 mm) and a whole-body patient acquisition were 
acquired in list-mode on a 15 cm axial-FOV Silicon-Photomultiplier-based time-of-flight GE Discovery MI 
PET/CT system (Table 1). From these acquisitions, different datasets with varying count levels were 
generated. The phantom data was acquired in 8:1, 6:1, 4:1 and 2:1 contrast ratio. These were reconstructed 
using BSREM with different regularization β-factors of 300, 500, 750, 1000, 1500 and 3000 and as well 
reconstructed using OSEM with 5 iterations and 17 subsets for different Gaussian post-filter with a full width at 
half maximum (FWHM) of 4.5, 5.0, 6.0, 7.0, 8.0, 9.0 and 10 mm.  
 
Table 1 - Design and performance specifications of the GE Discovery MI commercial system. 
   GE Discovery MI 3 detector rings 
Axial FOV  15 cm 
Patient Bore Size 70 cm 
Photodetector SiPM 
Scintillator LBS* (LYSO) 
Crystal element size 3.95 x 5.3 x 25 mm3 
Coincidence timing window 4.9 ns 
Sensitivity 7.5 cps/kBq 
Scatter fraction 41.7% 
Peak NECR 102.3 kcps @ 24.7 kBq/ml 
Clinical NECR 29.6 kcps @ 2.4 kBq/ml 
*Lutetium based scintillator  
 
 
Fonte: The author (2019). 
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All reconstructions included attenuation and scatter correction based on CT, point spread function (PSF) 
compensation and TOF. The optimal choices of the beta parameter of both reconstructed image data were 
analyzed. Recovery coefficients (RC), and background noise levels (coefficient of variation, CoV) were used 
to determine the performance in the phantom data. These conclusions were checked on a clinical patient 
scan. In patient studies SUV and lesion metabolic activity was evaluated. The liver was used as the 
background region. 
 
Results: For the same count statistics BSREM resulted in lower background variability than OSEM for any 
choice of the regularization parameter and contrast ratio. For values of the regularization parameter lower 
than 750 also a higher contrast was observed. With the phantom data, the number of counts can be reduced 
by a factor 2-4 using BSREM instead of OSEM. For the patient data, similar trends are seen and the possible 
count level reduction was at least a factor of 2. 
 
Figure 1 - Background variability of OSEM (5mm postfilter) and BSREM for a volume of 26.52 ml at different scan time for different 
contrast ratios 8:1 (A), 6:1 (B), 4:1 (C) and 2:1 (D). Comparison in terms of SUVmean (red), SUVmax (black) and metabolic lesion activity 
(green) for the 0.52 and 26.52 ml lesions (arrows). 
  
   
Fonte: The author (2019). 
 
Figure 8 - Noise level of a large VOI (⌀: 3.0 cm) placed in the liver of patient with multiple lesions of different sizes of B-cell lymphoma as 
a function of different penalization 𝛽-factors (A) and post-filter FWHMs (B) for the three different count levels. 
 
Fonte: The author (2019). 
 
Discussion and Conclusion: BSREM is a feasible method for the suppression of edge artifacts of PSF 
correction, although this depends on contrast ratio and sphere size. Noise reduction is possible by introducing 
regularization in the image reconstruction without a loss in image quality. This reduction can be used to lower 
the injected dose or shorten the acquisition time. 
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